Purpose: This research proposes an implementation model of Total Productive Maintenance (TPM) based on the analysis of criticality of machines in the sewing process in the Ecuadorian footwear industry and the identification of unproductive times caused by labor failures.
Introduction
At the global level, the application of Lean Manufacturing strategies has become one of the most applied methodologies in order to reduce costs and improve the continuous flow, being aware that in order to advance, it is necessary to introduce changes in production processes. Organizations have implemented continuous improvement methodologies in their processes to guarantee their sustainability in highly changing markets (Marulanda & González, 2017) .
Shoe production is one of the most important industries in the city of Ambato in Ecuador. Thus, due to the growing demands of the current market and the accelerated change in the economy, it is essential to look for strategies not only at a commercial level, but also at a productive level that directly affects the optimization of resources.
In Ecuador, lean manufacturing strategies have been little studied and it is common to find in the production lines an endless number of non-value-added activities that increase the delivery times of Ecuadorian products . The limited application of Total Productive Maintenance (TPM) and other Lean strategies in the Ecuadorian footwear industry directly influences the progress of organizations by not improving their production processes and increasing their costs due to not optimizing their production times and with high levels of sub-assemblies and defective finished products.
TPM proposes a prescriptive implementation methodology in which the steps that companies must follow to implement the process and obtain the expected benefits are detailed (Villegas & Velez, 2014) . To achieve a dynamic and profitable growth in the long term, this strategy is based on the analysis of parameters known as "Availability", "Performance" and "Quality", which include from the contribution generated by each machine of the system up to the quality of the finished product and the efficiency of the operators in the working day (Matos, 2012 ) the same leading to optimal levels for productive plant efficiency, with the multiplication of these three parameters the Overall Equipment Effectiveness (OEE) measure is obtained.
TPM is a strategy composed of a series of organized activities that once implemented help improve the competitiveness of an industrial or service organization. The total productive maintenance is a widely used strategy in the productive areas, which is aimed at increasing the availability of machinery and production equipment, as well as the economic benefits of the companies (García, Romero & Noriega, 2012) .
TPM is currently one of the most complete strategies to achieve efficiency and competitiveness, which allows to reach high quality standards, through compliance with planned stoppages, reduction of unproductive times and consequently in optimal costs. TPM must be supported by base elements such as: senior management commitment, strategic plan, focus on human resources, process approach and focus on the information system (Marín & Martínez, 2013) . The benefits of the application of the TPM are based on the predisposition and awareness of adopting changes in the workers, motivated by an integral philosophy and directed by senior management, transforming itself into a strategic and functional objective.
The implementation of a TPM model implies keys that allow the success of its application, based on action plans, training at all levels, monitoring of indicators; considering characteristics of organizations, as well as the ability to face and react to the activity of the productive process (Villegas & Velez, 2014) .
The objective of this research is to propose a model of implementation of TPM for the footwear industry that directs in a structured way the activities that must be carried out to achieve the reduction of unproductive times in the machines and thus improve the production standards. The analysis is carried out in an important Ecuadorian footwear company in which the results are evaluated, referred to the increase of standards and decrease of human errors.
The paper begins by presenting a brief synopsis of the principles applied in this study, followed by background on the work done in this research. The selection of the root cause and the analysis of unscheduled stoppages, type of machine failures and maintenance costs are made. Finally, the results of the implementation of the TPM model are analyzed.
Methodology
The project uses field research, presents a quantitative approach, the data collection is done in a horizon of 8 months in which the information is condensed in data tables and takes as a case study one of the most successful companies in the Ecuadorian footwear industry for its initiative to innovate their processes and research new technologies that help increase their efficiency. Customers demand shorter delivery times representing a major challenge in the search for tools to achieve flexible production systems . In this context, Lean Manufacturing is a methodology that achieves this goal by eliminating waste during production, with specific strategies that are implemented as appropriate. These strategies include standard work, single minute exchange of dies (SMED), total productivity maintenance (TPM), and mistake proofing (Jidoka) (Pearce & Pons, 2013) .
The production process in the footwear begins with the modeling where the designs are developed, at this point it is chosen if the footwear will be sewn in manual or automatic machine taking into account that most follow the same pattern in their production processes (Reyes, Aldas, Salazar, Armendariz, Álvarez, Nuñez et al., 2017) . Already in the productive process the pieces are cut and sent to the sewing process. The next process is the assembly of the shoes where the cut is mounted to the last and adhere to the sole. The last process is the finishes where the laces and insole are placed for final packaging and delivery to finished product warehouses.
The study focuses on the TPM implementation for the reduction of unscheduled production stoppages and unproductive times during the workday. The implementation model of Figure 1 is proposed with 10 consecutive steps from the launch of the TPM to the verification of results. The investigation is executed in the sewing process that counts mainly with manual machines. However, thanks to advances in technology Ecuadorian footwear industry can be supported with automatic sewing machines that provide greater flexibility in models that can be developed. The application of these machines implies that the workers are specialized and maintenance becomes a critical activity since a production stoppage represents high costs and if the damage is greater, the development of the footwear must be rethought to use manual machines.
TPM is a system designed to eliminate waste from machines such as downtime, unscheduled shutdowns, operation at lower speeds and defective products. It is a culture where operators develop a sense of ownership for their machines and become allies of maintenance staff to ensure that machines operate properly every day. Lean contributes to create an environment in which people share similar values and behaviors (Soliman, Saurin & Anzanello, 2018) . The operational thinking of the TPM is: "My machine, my responsibility, I receive well, I deliver well". The first step required for the TPM implementation is to carry out a training campaign and promote an adequate environment for the use of this tool, the campaign must be focused on the understanding of the TPM and recognition of the benefits it brings. Next, all of the company's employees must be informed of the management's decision to implement the TPM and which will be the goals to be achieved. It should be taken into account to incorporate into the strategic planning of the company to make explicit decisions for the long term (Hernández, Escobar, Larios & Noriega, 2015) .
It is necessary to draw up a plan of activities to be executed with dates of compliance and responsible bearing in mind that the following steps of the implementation model of Figure 1 are mandatory execution.
One of the most important meetings should be with the team is called Kickoff. The kick-off should be designed to cultivate an atmosphere that raises morale and inspires dedication. In Japan, it is often a companywide meeting to which client companies, affiliates and subcontractors are invited. At the meeting, top management reconfirm their commitment to implementing TPM and report on the plans developed and the work accomplished during the preparation phase (Suzuki, 1994) . In the next five steps the improvements are implemented once the critical machines are identified, which in the case of the project are the automatic machines.
The criticality analysis of machines is done through the evaluation of 7 aspects and their level of risk. The aspects evaluated are: industrial safety (IS), environment (E), quality and productivity (Q), time of operation (OT), production (P), time between failures (TMBF), time to repair and maintenance costs (TMTR). For each aspect, the level of risk that the machine presents must be identified. There are three risk categories: high (H), medium (M) and low (L). Table 1 shows an example for the analysis between a manual and automatic sewing machine.
Machine Aspect Risk Risk Description Criticity
Manual Table 2 shows the activities that are developed for the implementation of TPM in each stage during the research. It is considered a grouping with four phases: preparatory that focuses on planning, introduction for the launch of the tool, implementation in which improvements are carried out and consolidation for analysis of results and continuous improvement.
Results

Developing TPM
The philosophy and techniques of lean manufacturing are a need in business environment (Pacheco, Carbajal & Stoll, 2017) , in a structured way the application of TPM allows the reduction of failures in critical machinery like automatic machines on sewing process. The activities proposed in Table 1 ensure that the analysis is complete and planned during the execution of the research project. TPM should not be seen only as an initial application strategy, but as a strategy for continuous application, learning and implementation of a culture where the worker is empowered by his machine. 
Use of Automatic Machines in Sewing Process
The sewing process has manual and automatic machines for the realization of its activities. In recent years in the Ecuadorian footwear company the need for the use of automatic machines has increased due to the fact that it presents greater advantages in terms of productivity and allows innovation in the designs due to the ease it provides in sewing. However, this type of machines requires qualified people to handle them and the editing times are extensive.
The project performs a cause and effect diagram that allows identifying the root cause by which the TPM application is initiated. About machinery there is lack of training, machinery damage, lack of control and pallets in poor condition. Related to method there is turn-by-turn jobs are not scheduling in automatic machines and lack of continuity in operations. Materials there is delayed die-cutting and late supply of cuts. Finally about workforce there is lack of training, extensive editing times, production failures, dead time to produce and speed manipulation. So in the analysis it is observed that the insufficient management of automatic machines causes unproductive times during the operation. The limitations found when using a cause and effect diagram are: If the discussion is not controlled properly it may deviate from its objective and sometimes effort is wasted in identifying causes which have little effect on the problem.
Analysis of Damages in Automatic Machines
Figure 2 in an analysis horizon of 8 months identifies a total of 247 machine failures, with 123 mechanical failures, 86 direct human errors, 12 electronic, 10 neumatic and 16 various.
In the case of the first type of failure, 40% are the consequence of misuse, which is also due to labor; that is, a total of 135 failures.
It is concluded that 54.6% of stoppages are due to labor, so all the failures of this percentage are detailed: press foot virado (24%), bad loading pallet (21%), descentrated press foot and needle (19%), swallowed wire hook (12%), z motor discalibration (9%), pin x desalinated (6%), bad equipment operation (4%), hook and bar discalibration (2%), breaking pallet (1%), sewing order misdirected (1%), incorrect placement of the coil (1%).
Most failures in automatic machines are due to the lack of staff training since they do not have basic maintenance knowledge. With this analysis it is detected that there are unproductive times in automatic machines and goal setting is done: increase the production standards by 5% in 40% of the models by TPM improvements, guarantee that the standards of all the models are adequate to avoid unproductive times, decrease the incidence of labor failures by 20%. 
Unscheduled Stoppages
The project analyzes 13 automatic machines of the sewing process and checked the hours of unscheduled downtime during the 8-month study. Out of a total of 2560 available hours, there are 241 hours of unscheduled stoppages. These stoppages are those that interrupt the normal flow of production and in which it can not be produced. Figure 3 shows the hours for each of the machines and the maintenance costs presented in each machine. 
Operator Training TPM
The training machine is defined and workers are selected to become a TPM operator. The induction must be carried out with regard to the established policies, cleaning according to the work instructions and the 5 S's program that include initial cleaning, preventive measures cleaning, inspection standard, check list and organizing pallets of automatic machines, the method to help diagnose in which the operator becomes the alert voice when the machine presents some type of anomaly, basic maintenance, the revision of standards and impact of the TPM on productivity.
The standardization of TPM must be written in a controlled document and published in the company's management system, the training plan must be defined, the cleaning instruction must be created, and any changes that are pertinent in the operating instructions of the machines automatic are executed. All related persons should participate jointly, e.g. equipment planner (Planning Department), equipment user (Manufacturing Department), and maintenance person (Maintenance Department), etc (Shen, 2015) .
Discussion
The implementation of TPM in sewing process allows the reduction of unproductive times since the operators are trained to execute basic arrangements in the machines, in addition they have the training in the best practices for the use during the operation. The direct result of this knowledge implies a greater use of time and the standards increase. Figure 4 shows how in some cases the percentage of improvement reaches even 8% and in other models of greater process to 3%. The label ANN, INN, etc represents the model name. The research offers companies of the footwear industry the possibility of implementing TPM, through a structured and planned process that allows to reduce human errors. Figure 5 shows the variation in the number of human errors in the automatic machines. In June there are 18 failures and after TPM this number is 5, resulting in a reduction of 72.2%. 
Conclusions
The detailed analysis of the failures in critical machines positively influences the implementation of TPM in the four phases proposed by the project model: preparatory, introduction, implementation and consolidation. The structure of the model allows executing the activities so that the root cause detected as unproductive times due to human errors becomes an opportunity for improvement with high results at the end of the implementation, which makes the model a powerful tool for maintenance management.
Establishing a training program to turn the staff into TPM workers under the slogan "My machine my responsibility, I receive well, I deliver well" increases the production standards on average of 5%; that is, from a standard production average of 410 pair/turn before TPM to a standard production average of 429 pair/turn after TPM i.e. 19 pairs per model.
Limitations of this paper must be mentioned. Firstly, we did not include all the causes of the problem in the analysis between automatic and manual sewing machines. By using cause effect diagram, maybe causes have been detected with very little effect on the availability of machines. Other limitation of this study is that TPM is implemented from the point of view of industrial processes and excludes services companies.
About potential for further research. There is an opportunity to investigate the relationship between the criticality analysis of machines and the application of preventive maintenance to increase the levels of availability of machinery.
